priate genus" (Miller and Phaff, 1998b) .
In the present study we subjected Sd. sinensis IFO10111 T to a rDNA (the D1/D2 and the 5.8S/ITS regions) sequencing study, as well as a detailed phenotypic analysis, and investigated the phylogenetic position of Sd. sinensis IFO10111 T .
Strains used in this study are shown in Table 1 . Morphological and physiological characteristics for identification of Sd. sinensis IFO10111 T were examined with the procedures described by Yarrow (1998) . The vegetative cells stored at Ϫ80°C in 10% glycerol were cultivated on YM agar medium [Difco] at 30°C for 3 days. The cultivated cells were incubated at 25°C for 14 days on Gorodkowa agar medium for sporulation. Samples for SEM were prepared according to the manufacturer's instructions (Jeol, Tokyo, Japan). The cells coated with pt-pd for 250 s in a JEC-1100 ion spattering device were examined in a JSM T100 electron microscope (Jeol). In the typical bipolar budding cells of Sd. sinensis IFO10111 T , a few budscars were observed in a concentric circle (Fig. 1A) . These vegetative cells produced ascospores without the conjugation of two cells (Fig. 1B) . In particular, the freezing conservation technique was useful for the sporulation of this strain, because its sporulation was not detected in the cells that had been stored at 4°C.
The diagnostic physiological properties of Sd. sinensis IFO10111 T , as shown in Table 2 , were consistent with the descriptions (Yue, 1977) of the original strain Sd. sinensis HS506, but were distinguishable from those (Miller and Phaff, 1998a) of N. fulvescens var. elongata CBS2594 T as follows: galactose fermentation and assimilation, positive; casamino acids assimilation, positive; sorbose and ammonium sulfate assimilation, negative; and growth at 30°C, positive. Besides neither strain was able to utilize sucrose, maltose, lactose, raffinose or potassium nitrate (data not shown in Table 2 ). Of these diagnoses described above, the "ascus formation with the conjugation of cells" and the "non-growth at 30°C" are the best for the genus Nadsonia, while the "failure to grow in the presence of ammonium sulfate" is the best for Sd. sinensis HS506, because this characteristic has not been observed except in the genus Saccharomycopsis (Van der Walt, 1970) . From these physiological and morphological properties, it was revealed that Sd. sinensis IFO10111 T is identical to the original strain Sd. sinensis HS506 and distant from the genus Nadsonia. We then reconfirmed that these two taxa should be assigned to the same clade, Saccharomycodaceae: an ascosporeforming apiculate yeast family, the vegetative cells of which are reproduced by typical bipolar bud-fission.
We analyzed also the rDNA sequence of Sd. sinensis IFO10111 T . General treatments of DNA molecules were carried out according to standard protocols (Sambrook et al., 1989) . The D1/D2 regions were amplified by the colony direct PCR method (Ling et al., 1995) , in a TaKaRa PCR Thermal Cycler PERSONAL, with TaKaRa Ex Taq TM polymerase (TaKaRa, Shiga, Japan) and two primers (NL1F: 5Ј-GCATAT-CAATAAGCGGAGGAAAAG-3Ј and NL4R: 5Ј-GGTC-CGTGTTTCAAGACGG-3Ј). The following internal primers were used if needed: 26S2R (5Ј-CCTTCC-CTTTCAACAATTTCACG-3Ј) and 26S3F (5Ј-CGAGA-GACCGATAGCGAACA-3Ј). After 5 min at 95°C, the reaction mixture was subjected to 35 cycles, with de- Kurtzman and Robnett (2003) data (see text). naturation at 94°C for 1 min, annealing at 52°C for 2 min, and extension at 72°C for 1 min. The amplified fragments were purified with a SUPREC TM PCR Kit (TaKaRa), and sequenced directly with a CEQ Dye Terminator Cycle Sequencing Quick Start Kit, following the manufacturer's instructions, in a CEQ TM 2000XL DNA Analysis System (Beckman-Coulter, Fullerton, CA, USA). These sequence procedures were performed three times for each strain. The nucleotide sequences determined in this study have been deposited with the DNA Data Bank of Japan (DDBJ) under the accession numbers shown in Table 1 . The determined nucleotide sequences of each strain were aligned with the GENETYX-MAC program (Software Development, Tokyo, Japan). A cladogram tree was constructed by the neighbor-joining (NJ) method (Saitou and Nei, 1987) on the multialignment program CLUSTAL W 1.75 (Thompson et al., 1994) . The evolutionary distances were calculated by the PHYLIP 3.57c program DNADIST (Felsenstein, 1995) , with Kimura's two-parameter model. We evaluated the robustness of the branches in the tree by performing a bootstrap analysis (Felsenstein, 1985) with 1,000 replicates. In the sequence analyses of the 5.8S/ITS regions, the proce-dures were virtually identical with those described above, except for the following: primers, ITS1F (5Ј-TC-CGTAGGTGAACCTGCGG-3Ј) and ITS4R (5Ј-TCCTC-CGCTTATTGATATGC-3Ј); annealing temperature, 55.5°C; amplicons purified with a Prep A Gene DNA Purification Kit (Bio-Rad, Richmond, CA, USA); and the 5.8S/ITS regions inserted into PUC18 with the TA cloning method (Yasuda, 1996) being sequenced with a Thermo Sequenase Fluorescent labeled primer cycle sequencing kit, in an ALF express TM DNA Sequencer (Amersham Pharmacia Biotech, Tokyo, Japan). The number of nucleotides (bp) in the sequenced 5.8S rDNA and 5.8S/ITS regions was calculated by reference to Kurtzman and Robnett (2003) data (18S rDNA -ATTA or ATTT-3Ј/ ITS1/5Ј-AAAAC-5.8S rDNA-CAT-3Ј/ITS2/5Ј-TTGA-26S rDNA), and is shown in Table 1 .
The sequenced D1/D2 region of Sd. sinensis IFO10111 T (AB127389) was aligned with those of the reference strains, and compared pairwise. The nucleotide divergences of Sd. sinensis IFO10111 T from Sd. sinensis NRRL Y-12797 T (U94946) and from N. fulvescens var. elongata IFO0665 (AB127390), respectively, were 17.9% (106/592). This result exceeds 2005 Phylogeny of Saccharomycodes sinensis IFO10111 T 37 1% remarkably, a value suggested by Kurtzman and Robnett (1998) to be the borderline of species separation. Between two strains, IFO0665 (AB127390) and CBS2594 T (U94942), of N. fulvescens var. elongata, in this connection, their nucleotide sequences were identical. These results substantiate that Sd. sinensis IFO10111 T is not a synonym of N. fulvescens var. elongata, as do those results from the phenotypic diagnoses described above. Consequently, we cannot readily accept that the generic position of Sd. sinensis Yue should be assigned to the genus Nadsonia (Miller and Phaff, 1998a) . We, however, reconfirmed that each taxon is a member of the Saccharomycodaceae family that is now recognized in yeast systematics. Thereupon we investigated the phylogenetic position of Sd. sinensis IFO10111 T in order to resituate it in an appropriate genus within the family Saccharomycodaceae. From the known genera Saccharomycodes, Nadsonia, Hanseniaspora, and Wickerhamia within the family, the five reference strains listed in Table 1 and their related strains were used. To confirm the reliable dendrogram construction, if needed, we retrieved the sequence data of each strain by searching the DDBJ database.
The constructed cladogram tree (Fig. 2) showed that the phylogenetic position of Sd. sinensis IFO10111 T is completely separated from any of those reference genera, with a bootstrap value of 995 for the D1/D2 region.
To verify the phylogenetic position of Sd. sinensis IFO10111 T based on the D1/D2 sequence analysis, we then sequenced the 5.8S/ITS regions, because these regions had not been determined yet in this strain. The divergence in size (155 to 157 bp) of the aligned 5.8S rDNA regions of those reference strains from Sd. sinensis IFO10111 T was far less than that (409 to 660 bp) of the 5.8S/ITS regions (Table 1 ). This result suggests that the 157 bp fragment of the 5.8S rDNA is a highly conserved region. Kurtzman and Robnett (2003) used a dataset containing the 5.8S/alignable ITS sequences in order to resolve 75 species of the "Saccharomyces complex" into 14 clades, five of which were proposed as new genera (Kurtzman, 2003) . The alignable ITS regions among the strains used in this study were scarcely observed (data not shown). Thus we analyzed the 5.8S rDNA sequences in order to resolve the phylogenetic relationships of Sd. sinensis IFO10111 T with each reference strain.
The 5.8S regions of the five reference strains had between six and 11 (3.8 to 7.0%) nucleotide substitutions with that of Sd. sinensis IFO10111 T . Mitchell et al. (1992) demonstrated that each genus among the basidiomycetous yeast genera Cystofilobasidium, Filobasidium, and Filobasidiella is separated from any of the others by at least three (2.1%) nucleotides in a 143 bp fragment containing the relatively conserved 5.8S rDNA. Accordingly, our results strongly indicate the generic separation between Sd. sinensis IFO10111 T and those reference strains. The constructed 5.8S tree (data not shown), as well as the D1/D2 tree, showed that the phylogenetic position of Sd. sinensis IFO10111 T is completely separated from any of those reference genera, with a bootstrap value of 979. These phylogenetic relationships were invariable in any cases where the sequences of other related strains were added in the tree, and were confirmed by the unweighted pair group method with averages (UPGMA). Therefore, our phylogenetic analyses on the basis of the D1/D2 and the 5.8S rDNA sequences provide no support for including Sd. sinensis IFO10111 T in any of the known genera, Saccharomycodes, Nadsonia, Hanseniaspora, and Wickerhamia, within the family Saccharomycodaceae.
Our results for Sd. sinensis IFO10111 T add strong support for Yamada et al.'s (1992) The tree (cladogram) was constructed by the NJ method. S. cerevisiae was used as the outgroup. Numbers by nodes are the bootstrap values (Ͼ50%) of 1,000 replicates. The accession numbers of sequences retrieved from the DDBJ are indicated in parentheses. Abbreviations: S, Saccharomyces; D, Debaryomyces; K, Kluyveromyces. For the others, see footnotes under the title and Table 1 . * The strains sequenced in this study. Scale barϭ10% DNA divergence.
can be set up for Sd. sinensis [IFO10111 T ]." In order to reinvestigate the systematic position of Sd. sinensis Yue, however, the identity of the culture collections deposited as Sd. sinensis, HS506, IFO10111 T , NRRL Y-12797 T , NRRL Y-17406, CBS7075 T , and CCRC22342, need to be verified, as a matter of priority.
In conclusion, Saccharomycodes sinensis IFO10111 T is naturally assigned to the family Saccharomycodaceae, but is phylogenetically independent from any of the known genera within the family.
